Abstract Menopause is a gradual three-stage process that concludes with the end of periods and reproductive life. The antioxidant enzyme system get affected in postmenopause due to deficiency of estrogen, which has got antioxidant properties. The objective of the present study was therefore, to analyze the effect of supplementation of drumstick and amaranth leaves powder on blood levels of antioxidant and marker of oxidative stress. Ninety postmenopausal women aged 45-60 years were selected and divided into three groups viz. Group I, II and III having thirty subjects in each group. The subjects of group II and III were supplemented daily with 7 g drumstick leaves powder (DLP) and 9 g amaranth leaves powder (ALP), respectively for a period of 3 months in their diet. The subjects of group I was not given supplementation. Serum retinol, serum ascorbic acid, glutathione peroxidase, superoxide dismutase and malondialdehyde were analyzed before and after supplementation. Fasting blood glucose and haemoglobin level of the subjects were also analyzed. The data revealed that supplementation of DLP and ALP significantly increased serum retinol (8.8 % and 5.0 %), serum ascorbic acid (44.4 % and 5.9 %), glutathione peroxidase (18.0 % and 11.9 %), superoxide dismutase (10.4 % and 10.8) whereas decrease in marker of oxidative stress i.e. malondialdehyde (16.3 % and 9.6 %) in postmenopausal women of group II and group III, respectively. A significant (p≤0.01) decrease was also observed in fasting blood glucose level (13.5 % and 10.4 %) and increase in haemoglobin (17.5 % and 5.3 %) in group II and group III, respectively. The results indicated that these plants possess antioxidant property and have therapeutic potential for the prevention of complications during postmenopause.
Menopause is a gradual three-stage process that concludes with the end of periods and reproductive life. When woman's menstruation has ceased continously at least for a year it is postmenopause. Most women experience menopause between 40 and 58 years of age, the median age being 51 years. Menopause is associated with a wide variety of physical and psychological symptoms. Typical symptoms at the time of menopause lasting 4-5 years are hot flushes, night sweats, vaginal dryness and sleep disturbance (Moilanen et al. 2010) . In postmenopause, ovaries stop producing estrogen hormone. The antioxidant enzyme system seems to be affected in postmenopause due to deficiency of estrogen, which has got antioxidant properties. The beneficial effects of estrogen might be attributable to their free radical scavenging structures. Another benefit of estrogen is that it decreases low density lipoprotein (LDL) cholesterol and increases high density lipoprotein (HDL) cholesterol affecting lipid metabolism (Srivastava et al. 2005) .
Damage caused by oxygen radicals is responsible for many of the bodily changes that come with age. Antioxidant offers protection against a wide spectrum of diseases. Antioxidant scavenges free radicals, provides cellular protection and fights against human diseases. Drumstick (Moringa oleifera) and amaranth (Amaranthus tricolor) are such promising plants which have both a medicinal and a functional property. Drumstick leaves contain cytokinins in the form of zeatin as well as other beneficial phytochemicals such as vanillin, beta-sitosterol, caffeoylquinic acids, kaempferol, quercetin and carotenes (Andrews and Andrews 2009) . Amarnath leaves contain dietary fibre, folic acid and perhaps other bioactive nutrients such as bioflavonoids.
Further, amaranth leaves contain magnesium, an antimutagen and chlorophyllin, a proven efficient antimutagen and antioxidants (Anilakumar et al. 2006) . Red amaranth leaves tended to be associated with high total polyphenol and antioxidant activity. The high amount of betacyanin in amaranth, which gives its deep red hue, enhances antioxidant activity along with phenolic compounds (Khandaker et al. 2008) . Hence, the present study was designed to see the effect of supplementation of dried drumstick and amaranth leaves powder on oxidative stress and antioxidant levels in postmenopausal women.
Materials and methods
Ninety healthy postmenopausal women aged between 45 and 60 years, who were not having their menstrual period from last 1-3 years were selected randomly from Punjab Agricultural University, Ludhiana. Women who had undergone hysterectomy or taken hormone replacement therapy were not included in the study. The selected subjects were equally divided into three groups viz. group I, group II and group III i.e. 30 in each group. Subjects of group II and group III were supplemented with antioxiant powder I (Drumstick leaves powder: 7 g) and antioxidant powder II (Amaranth leaves powder: 9 g) in the recipes in daily diet for 3 months (February 2011 to April 2011), whereas group I was not given any supplementation. Information regarding general and reproductive history were recorded for all the subjects through an interview schedule.
Biochemical analysis Blood samples were analysed before and after supplementation for serum retinol (Bessey et al. 1946) , plasma ascorbic acid (Raghuramulu et al. 2003) and malondialdehyde using thiobarbituric acid (Esterbauer et al. 1982) . Glutathione peroxidase and superoxide dismutase were analysed by kit provided by RANDOX Laboratories Limited, United Kingdom. Blood was also analysed for haemoglobin (Dacie and Lewis 1975) and fasting blood glucose (Trinder 1969) .
Statistical analysis
The data on all the blood parameters was analyzed statistically in triplicates. The mean standard error, analysis of variance, paired t-test and their statistical significance was ascertained using a computer programme package.
Results and discussion
Ninety postmenopausal subjects were identified and divided into three groups. General information of the subjects showed that majority of the subjects of group I and group II belonged to the age group of 50-55 yrs whereas 45-50 years in group III. Majority of subjects of group I and group II were studied up to high school whereas subjects of group III were graduate. Majority of the subjects in were married and belonged to Hindu religion and nuclear family. Most of the subjects were housewives (Table 1) .
Antioxidant levels and oxidative stress levels of the subjects before and after supplementation of Antioxidant powder I & II are presented in Table 2 . Results indicated that before supplementation serum retinol level of subjects of control group I and experimental group II and III were 33.55, 34.12 and 33.55 μg/dl and after supplementation serum retinol level increased to 34.04, 37.12 and 35.23 μg/dl in group I (control), group II (DLP supplementation), group III (ALP supplementation) respectively. Change in serum retinol levels in group II was highly significant (p≤0.01) while significant in group III (p≤0.05). A non significant change was observed in control group I. Serum vitamin A concentrations were higher in the group supplemented with choline and carnitine which promote conservation of retinol in women (Sachan et al. 2005) .
Present study revealed that the mean serum ascorbic acid levels of the subjects before and after supplementation was 0.83, 0.81, 0.84 mg/dl and 0.80, 1.17, 0.89 mg/dl in all the three group I (control), group II (DLP supplementation) and group III (ALP supplementation), respectively. A significant increase was obseved in serum ascorbic acid levels in group II and III after supplementation, whereas a non significant change was observed in control group I. The observed values were in the range of normal values. Increase in serum ascorbic acid may be due to high content of ascorbic acid in antioxidant powders. Arora et al. (2009) reported significantly lower level of serum vitamin C in postmenopausal women as compared to premenopausal women. Moringa oleifera (drumstick) leaves have a high total antioxidant capacity and are rich in total polyphenol content, quercetin, kaempferol and β-carotene (Lako et al. 2007) .
The initial and final glutathione peroxidase values in group I, group II and group III were 20.76, 19.69 and 17.31 U/g Hb and 20.63, 23.24, 19 .38 U/g Hb respectively. Increase in glutathione peroxidase level in experimental groups was statistically highly significant (p≤0.01) while non significant in control group I. The observed values were below the reference values. However Arora et al. (2009) reported lower value of 18.11 U/g Hb glutathione peroxidase level among postmenopausal women.
It was observed that the initial and final mean values of superoxide dismutase of the subjects in group I (control), group II (DLP supplementation) and group III (ALP supplementation) were 1080, 1097, 1076 U/g Hb and 1082, 1211, 1192 U/g Hb, respectively. There was a highly significant increase in experimental groups II and III of superoxide dismutase level. The observed values before supplementation were below normal range and supplementation with antioxidant powders helped in increasing the level. Menopause is associated with oxidative stress as indicated by increase in lipid peroxidation. Kaya et al. (2005) reported superoxide dismutase level in postmenopausal women to be 1375 U/g Hb. Antioxidant enzymes like superoxide dismutase and glutathione peroxidase decreases in postmenopausal women showing oxidative stress in the cells (Srivastava et al. 2005) .
Initial and final malondialdehyde values in group I, group II and group III were 285, 288, 250 nmoles/g Hb and 287, 241, 226 nmoles/g Hb. There was a highly significant decrease in experimental groups II and III in level of malondialdehyde whereas non significant decrease in control group I. Arora et al. (2009) reported significantly higher level of malondialdehyde (4.68 nmol/ml) in postmenopausal women as compared to premenopausal women.
The drumstick leaves are found to be a potential source of natural antioxidants (Goyal et al. 2007 ). Bioactive compounds found in the leaves of drumstick are glycoside niazirin, niazirinin and three mustard oil glycosides, 4-[4′-O-acetyl-a -Lrhamnosyloxy) benzyl] isothiocyanate, niaziminin A and B (Patel et al. 2010) . These bioactive compounds helps to increase antioxidant level in body and decreases marker of oxidative stress i.e. malondialdehyde.
Percentage distribution of subjects based on antioxidant levels (Table 3) showed that 30 % and 33.3 % subjects of group II and group III were at risk for serum retinol level, which changed to 13.3 % and 20 %, respectively after supplementation. Likewise, 30 % and 33.3 % subjects of group II and III were at risk for serum ascorbic acid level. After supplementation only 6.6 % and 20 % subjects of group II and III were at risk. It was observed that 76.7 % and 70 % subjects of group II and III had glutathione peroxidase level below desirable range which decreased to 60 % in both the groups, respectively after supplementation. Table 3 showed that level of superoxide dismutase was below desirable level in 70 % and 76.7 % subjects of group II and III, after supplementation it decreased to 26.7 % and 33.3 %, respectively.
The mean initial fasting blood glucose levels of the subjects in group I, group II and group III were 125.66, 106.73 and 104.36 mg/dl and after supplementation period it decreased to 125.96, 91.56 and 93.46 mg/dl, respectively (Table 4) . A highly significant (p≤0.01) decrease in blood sugar levels was observed in experimental groups II and III, whereas a non significant change was observed in control group I. Hisa et al. (2008) reported 94 mg/dl fasting blood glucose level in postmenopausal women. Giridhari et al. (2011) reported that antioxidants like carotenoids, vitamins C and E, and flavonoids had an important role in reducing the blood glucose. This is due to the improvement in the impaired glucose metabolism and decrease in insulin resistance. It was observed that the initial and final mean values of haemoglobin of the subjects in group I (control), group II (DLP supplementation) and group III (ALP supplementation) were 11. 63, 11.06, 11.40 % and 11.22, 13 .00 and 12.01 % respectively. A highly significant (p≤0.01) increase in blood haemoglobin was observed in experimental groups II and III. Drumstick leaves and amaranth leaves are rich in ascorbic acid which may help to increase the absorbtion of iron. Gulati et al. 2009 reported that haemoglobin concentration was higher in women receiving micronutrients supplementation.
Percentage distribution of subjects based on fasting blood glucose and haemoglobin (Table 5) showed that 33.4 % and 20 % subjects of group II and group III had higher level of fasting blood glucose level which decreased to 10 % and 6.6 %, respectively after supplementation. It was observed that 63.4 % and 60 % subjects of group II and III had haemoglobin level below standard range, which decreased to 30 % and 46.7 %, respectively after supplementation.
After supplementation of antioxidant powder I (drumstick leaves powder) and antioxidant powder II (amaranth leaves powder) a significant improvement in antioxidant levels in blood as well as decrease in oxidative stress was observed in group II and group III. A significant reduction in fasting blood glucose levels and increase in haemoglobin was observed in groups supplemented with drumstick leaves powder and amaranth leaves powder. Similar to findings of the present study, a significant reduction in post prandial blood glucose and glycated haemoglobin was observed after administration of drumstick leaves powder (98.34 %) tablet for 90 days in non insulin dependent diabetics by Giridhari et al. (2011) . 
Conclusion
The investigation of present study revealed that supplementation of drumstick leaves powder (7 g) and amaranth leaves powder (9 g) per day for 3 months significantly improved the antioxidant levels by increase in serum retinol, serum ascorbic acid, glutathione peroxidase, superoxide dismutase whereas decrease in marker of oxidative stress i.e. malondialdehyde in postmenopausal women of group II and group III. A significant decrease was also observed in fasting blood glucose level and increase in haemoglobin in group II and group III. Hence, it is recommended to consume drumstick leaves and amaranth leaves as they are rich source of antioxidants and helps in improving nutritional status.
